INTRODUCTION
Building Information Modelling (BIM) may be define as the current expression of digital model of a building or infrastructure and its process of production/procurement [1] . Chartered Institute of Builders (CIOB) explained the fundamental idea behind BIM as to create and share the right information at the right time throughout the design, construction and operation of a building or facility, in order to improve efficiency and decision-making [2] . Thus, BIM is a process rather than a piece of software or set of software. The technology behind the BIM is one of the three BIM fields [3] ; this it is the tool (technology) that aids the BIM concept.
The BIM awareness is going universal, while adoption across the world is still underway and remain uneven. Continues development in BIM fields (technology, process and policy) including its technological advancement and Noteworthy BIM publications (NBPs) are predominately evolving from the developed nations. On the other hand, recent publications revealed considerable number of developing countries that are keying into the BIM adoption process, mostly at infancy stages; countries like Malaysia, Brazil, Qatar, UAE and Egypt to mention but a few are some of them considering a macro scale BIM adoption [4] . Some of these countries have just embarked on Macro-BIM adoption study to develop their national policy while some have already finished [4] . The developed countries that are moving very fast in this digital shift learnt so much from the early adopter (i.e. USA). Some scholars believed that the significant successes recorded by the UK is related to a successful lessons learnt from the USA BIM adoption strategies. However, there is limited attention to the entire process precedence to match with the developed macro-BIM adoption models in decision making at policy development stage.
More developing countries are considering a strategy development to adopt BIM working process, which ultimately involves lots of planning and commitment. These countries are building up in terms of awareness and experts, as ignorance of the modalities and benefits of BIM is significant reason behind low BIM adoption [5] . Efforts like BIM advocacy programme by BIM Africa Initiative is one of leaps to developing NBPs to African countries [5] . These countries can simply referred to as new adopter countries or at early stage of adoption, mostly Middle East, Africa and South America [6] . Moreover, the new adopter countries are seen to have been developing BIM at design stage only, every survey (global or country based), received low participation which is attributed to a low level of maturity and or knowledge [5] , hence considered (mostly) at early adoption stage. This paper set to lay down a balanced trend and experiences of USA, UK and Australian efforts on BIM adoption for the developing countries' context matching ahead of BIM adoption.
BIM ADOPTION EFFORTS BY DEVELOPED COUNTRIES
The UK, USA and Australia are selected as sample case study countries for this comparative analysis (study) due to their construction culture similarity in advance framework for managing construction using BIM; and their BIM participation at world stage, availability of national BIM adoption surveys as well as NBPs [7, pp.7-10] . Moreover, these countries have highly established processes, standards and guidelines for BIM adoption and public availability of data for assessment as well [7, 8, 9] .
USA and the UK are the leading BIM implementing countries in the world; Australia is one of the adopter countries whose rapid performance is outperforming the more established countries in terms of BIM guide, Standards, National Specification and corporate research centre [10, p.486] . Thus, these countries are selected for the comparative analysis.
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Collaboration contracting approach within the USA, UK and Australian construction industries has been well established, and there are substantial literatures that set out to demonstrate their main principles, practices and benefits [7, 11] . These subject countries have diverse diffusion dynamics and policies associated with their BIM adoption. The diffusion dynamic does not actually remain constant, but changes from one mode of directional pressure to another, all depends on who is leading the adoption at a time. For example, USA was initially middle-out dynamic, but subsequently changing to top-down due to state governments' involvement. More to that, big companies in the USA were so established in the use of BIM concept that facilitates the middle-out dynamic running concurrently with a bottom-up dynamic [12] . In the case of the UK, it was initially bottom-up dynamic but later changed to top-down due to government involvement as well.
BIM Adoption Efforts by the United
States of America The increase in BIM implementation over the years within the USA is been driven by the government mandates [10] . Contractors reported considerable realisation of benefits of using BIM concept [9] , likewise rapid rate of adoption seen as due to the fear of been left behind if one refuses to embrace the BIM revolution. Having the industry relatively developed (driven by American Institute of Architects) before the governments' policies, it was a bit easier towards a development and enforcement process. The BIM development in the USA is seen a middleout diffusion dynamic [3] because of large organisations and industry associates (i.e. AIA) involvement.
Considering United States as the early country to adopt BIM (early adopters), the adoption process was slow and occasionally painful, but the USA endured to learn from those challenges they faced, building better solutions at the end. Nations that were slower to adopt BIM were able to avoid some of those issues encountered by the USA, hence having quicker and more efficient process. This has also resulted in some countries having either wedged or even exceeded the USA in BIM utilization or standardization (i.e. United Kingdom). "A 5% reduction in the final construction costs, a 5% increase in the speed of completion, a 25% improvement in labour productivity, and a 25% reduction in labour." [16] .
Policy are seen to have played a role in speedy BIM adoption at design stage, most importantly the Architects; thus, Architects were found to be championing post-policy BIM adoption in the USA, while clients lagged behind [13] . Notwithstanding, USA contractors are also very advanced in BIM implementation against others around the world [9, pp.44 ]. On the contrary, owners are still the laggards despite the wellestablished record of BIM in the USA construction industry.
The initiated National 3D-4D BIM Program by the US General Services Administration (GSA) through the office of the chief architect, public building services came immediately after Autodesk acquired Revit Technology Corporation (2002). Subsequently, the BIM technologies adoption began to spread across the USA; BIM is set as a requirement in all final concept approval for all major projects in 2007. The 3D, 4D, and BIM technology deployment were encouraged in all GSA projects and supported by GSA BIM Guide Series. Two years after the mandate (2009), BIM adoption almost doubled from the start-up (28%) in 2007. NIBS published many National Building Information Modelling Standards (NBIMS) and specifically on building energy performance [13] .
The USA is considered as a hub for technology development, the availability and affordability of technology made USA public and even private sector top in the world. This is what brings about competition and enormous development in all sectors. Availability of technology infrastructure facilitated a quick development, adoption and implementation of BIM within the industry even before the government mandate in 2007 [17] . Fig. 1 
BIM Adoption Efforts by the United Kingdom
The UK government developed a Task Group to support and assist both government clients and supply-chain contractors in transitioning their work practices to BIM and electronic delivery, as part of an overall digital economy (digital Britain). The overall goal of the strategy is to improve the performance of the government estate in terms of reduction in capital costs and carbon performance. In addition, targets to become a world leader in BIM concept [19] . Bew and Richards [22] developed BIM maturity wedge in 2008, the maturity nomenclature starts with level 0 (paper based) to level 3 (integrated web based) hub. The most popular amongst these maturity levels is BIM level 2. The British Standards Institution (BSI) describes BIM Level 2 maturity as a series of domain and collaborative federated models; different parties prepare the models, consisting of both 3D geometrical and non-graphical data, during the project life-cycle within the context of a common data environment. BIM is highly publicised in the UK due to the government interest and involvement. The UK government mandate on all central projects in excess of £5m to be BIM level 2 enabled by 2016 was a long leap taken in 2011. However, 2017 NBS report revealed 62% BIM usage in the UK [23] . The UK government policy for the 2016 BIM level-2 mandate was a driver for quick uptake of BIM in the UK. Significant development was recorded (from 31% to 62%) within the five years' period ahead of the mandate deadline (2016). It was noticed that the government policy accelerated the adoption, portraying a clear "top-down" diffusion dynamic [24] , which is now the dominant UK BIM adoption strategy as reported in the government construction client group report (2011). On a further discovery, the approach subsequently changed (to middle-out) due to higher adoption by bigger companies hence becoming the leaders to moving the adoption further.
BIM implementation strategy in the UK is a "Push-Pull" type where the "Push" is the five years horizon given to the supply side of the industry to having all the players attained BIM level 2; while the balance "Pull" comes from the client side to specify, collect and use the generated information [21] Availability of Noteworthy BIM Publication to achieving the 2016 mandate played a significant role in speedy BIM involvement by owners [13] . Despite the government mandate, the technical shift encountered some challenges, these include: resistance to changes, lack of experts, investment cost and feeling at risk of starting something new. Moreover, Dainty et al. [25] reported lack of spelled out opportunities in the UK policy on BIM adoption as a barrier to its adoption.
On the other hand, the targeted benefit of this digital shift is to achieve an improve efficiency, reduction in whole life cost assets, reduction of carbon footprint and capability of construction information storage and management. The investment benefits are rather not limited to the above benefits but extend to a long term plan of selling expertise and cutting edge technologies across the world and seize a share of the $15trillion global construction market forecast by 2025 [21] . To corroborate these, quite tremendous achievements were recorded in the UK construction industry in terms of BIM adoption benefits. For instance, the construction cost savings of £804m (in 2013/2014) announced by the Cabinet Office was significantly contributed by the adoption of BIM [21, pp.5]. The technology infrastructure supporting this digital process is not a big issue in the UK having transformed the publishing, retailing, financial and travel services in the same way [17] ; the same applied to the technology accessibility.
Fig. 1. The USA efforts to BIM adoption
This kind of system has been in use within the UK public sector, such as planning portal, OCG procurement systems and paperless open borders systems; these were deployed for more than a decade ago [21] .
Despite the government efforts however, the digitalisation process faces numerous challenges, rating the top barriers amongst which is a shortage of BIM technology experts [23, pp. 25] . This has come despite various efforts to benefit from the UK educational programs like, BIM for education, BIM for SMEs etc. Upon these, education and training is still lagging; and the main drivers in academia are the individual academics and or departments that particularly have interest [26] . Underwood et al. [27] described Architecture and Construction related subjects as dominants to incorporating BIM in their teaching, however the rest of the built environment related disciplines are low interested parties. Architectural schools are ahead of all other built environment disciplines on BIM education.
The industry and educational institutions are dominated with the following BIM software: Autodesk Revit (Arch, Struct, MEP), Navisworks and Sketch Up. Furthermore, in the whole Built Environment disciplines, there are generally low levels for BIM maturity awareness hence; higher education institutions (HEIs) were largely underperforming [26, pp.4 ]. The lack of BIM expertise in the UK can be attributed to the underperformance of the HEIs with predominantly low levels of engagement with the industry [27] . Consequently, this high level of detachment has been an obstacle to the full implementation of BIM in the UK. Fig. 2 presents efforts/process toward the BIM adoption in the UK.
In the late 2011, BIM Academic Forum (BAF) establishment aimed to develop and promote teaching and learning with research aspect of BIM through cooperation and collaboration. Many UK universities are represented in the forum which serves as a conduit between industry's needs and BIM training within the higher educational institutions. Succinctly, the forum is to promote the academic prospect of BIM in the UK [27] . Other organisations/ professional bodies that promote the BIM training through short courses programmes include: BRE [28] discovered only about 10% of those who got trained on BIM go for training or got trained in universities and colleges while the remaining 90% got trained from other places (i.e. training providers, software vendors etc). Thus, higher institutions are not producing sufficient BIM skilled candidates as needed by the industry. SMEs occupy 98% of the construction sector in the UK [29] and lack of BIM trained personnel is mostly effecting the SMEs in the adoption process. This is also coupled with lack of funds to train their employee; this suggests SMEs as the immensely beneficiary of 'BIM ready' graduates from higher institutions.
BIM Adoption Efforts by Australia
In an effort to increase the productivity of asset management in the built industry, the National Although, contract that supports collaborative BIM processes was amongst the recommendation by the Australian construction industry stakeholders, there is still no published contract form incorporating the BIM process in the Australian market, other than a bespoke contract which is conventionally adopted even at the highest of the most broadly used levels of BIM (level 2) [17] . The inherent resources gap between SMEs and large companies is the soul challenge to mandating the utilisation of the country's BIM framework. Consequently, the top-down BIM diffusion mechanism will appear extreme [24] within the country's construction market.
Fig. 2. The UK efforts to adopt BIM
Hosseini [34] study clearly reveals a fear of 'risk' associated with ROI on BIM as a major barrier to BIM adoption by Australian SMEs, replacing the previously known 'lack of experts and knowledge on the innovation' as the major barriers. Thus, 'Pilot Projects' is recommended in the report of DIISRTE and such can go a long way to clearing the ROI issue and remove that as a barrier.
The Australian Institute of Architecture (AIA) and Consult Australia established an industryacademia BIM working group in 2011; it was on this basis that a foundation was set with series of Noteworthy publications in 2012. The Australian Government Office for Learning and Teaching (OLT) supported a project on BIM technologies known as 'collaborative design education -CODE BIM' that engages three universities (University of South Australia, University of Newcastle and University of Technology Sydney). A developed complimentary framework is now out to help Academics to implement BIM training. On the other hand, poor implementation of BIM education was mainly associated with curriculum issues, cultural resistance (afraid of trying new things) and class size (population) [26] .
Subsequently, a joint research centre for BIM was formed for sharing knowledge amongst researchers, engineers and innovators achievably through collaboration between Huazhong University of Science and Technology and Curtin University. Furthermore, the buildingSMART's BIM initiative in moving the industry forward is a strong desire to a 'multi-disciplinary BIM education'. Fig. 3 presents efforts/process toward BIM adoption in the Australia.
Despite the provision of BIM training by higher institution within the countries where BIM is dynamic, the training moves in a slow pace [26] . The slow pace of BIM training is due to challenges in terms of overcrowded modules (as no space to introduce new ones) as well as remodelling of the lecture-based modules to smaller multi-disciplinary teamwork based modules.
RESEARCH METHODS
In about a decade, case studies and academic literature revealed some developed countries leading the development and implementation of BIM. The USA, UK and Australia are part of these countries. These countries (USA, UK and Australia) are playing significant role in the BIM implementation at world stage. This study adopted comparative analysis as to categorisation of their efforts toward the development, adoption and implementation of BIM. Thus, efforts as well as factors that motivated BIM adoption in these countries were categorised. This study aimed to determine these countries' common efforts and otherwise for their applications in context where necessary.
SUMMARY/DISCUSSION
The Table 1 presents each country's effort in relation to different sections of BIM fields. While Table 2 presents the BIM Adoption guide and standards developed by these countries. There is commonality between countries in availability of BIM technology [7] ; therefore, the categorisation will rather focus more on the technology infrastructure and training in the technology field. On the contrary, policy and process fields differ amongst countries and require contextualisation. Construction is one of the sectors where Australia led in physical capital investment in the year 2010 [35] ; this may be attributed to its significant lags in knowledge capital investment. However, with clear record of capital investment in engineering and some sectors, Australia is considered medium amongst its counterpart in innovation [36] .
BIM Initiation and Adoption Method
Policy/Process BIM adoption in the USA started as middle-out diffusion process, driven by Architects. BIM adoption initiated by Architects and then followed by the US government initiatives for the BIM technology deployment and Building Energy Performance (BEP). The BIM diffusion in the USA market has changed from Top-Down to Middle-Out dynamic running concurrently with a Bottom-Up dynamic [12] .
BIM adoption in the UK started as a bottom-up diffusion process, driven by designers. The UK government initiated BIM adoption journey back in 2010; and the subsequent release of the BIM level 2 mandate (in 2011) on all public projects by 2016. The BIM diffusion dynamic within the UK market has changed from Bottom-Up to Top-Down dynamic and now changing to Middle-Out. exclusive commitment of the UK government. An extension to the digitalisation process of the country's systems. Absence of defined opportunities of adoption of BIM in the UK policy is one of the considered a barrier to its adoption [25] . Moreover, lack of clear understanding of BIM by clients and BIM experts' deficit were amongst persistent challenges of BIM utilisation.
motivator, buildingSMART organised a workshop for the industry stakeholders to accelerate the BIM adoption in Australian AEC market. Standards and guides were developed and available for use. However, there is significantly low adoption by SMEs who are about 98% of the construction sector and more than 70% of them are non-adopters [25] . Mostly due to lack of investment cost and lack of evident ROI. [23] . These kind of system has been in use within UK public sector, such as planning portal, Australia is considered medium amongst its counterpart in innovation [36] .
There was a great move in BIM technology accessibility and its development by buildingSMART. "Open BIM Alliance of Australia" was established by buildingSMART and is amongst its great roles that brings alliance with software vendors who promoted "Open BIM" concept [10] .
industry even before the government mandate in 2007 [17] .
OCG procurement systems and paperless open borders systems were since deployed (for more than a decade) [18] . However, in construction industry digitalisation process, deficit of BIM technology experts is considered amongst the barriers to the speedy adoption BIM [23] . The forum serves as a conduit between industry's needs and BIM training in higher institutions. Succinctly, the forum is for the promotion of academic prospect of BIM in the UK [27] . There are some educational programmes plan for BIM training in the UK, this include BIM for education and BIM for SMEs.
On the other hand, there is overall low levels for BIM maturity awareness within the entire disciplines thus, higher education institutions (HEIs) are generally underperforming [27] . Consequently, resulted in shortage of BIM experts in the market [23] 
CONCLUSIONS AND RECOMM-ENDATIONS
This paper focuses on comparing both the process and legislative efforts of USA, UK and Australia in BIM adoption and implementation within their respective construction markets. Considering the huge literature availability and NBPs, it is evident that these countries are leaders in the BIM implementation. The generated middle-out diffusion dynamic by the USA shows proactive nature of their construction industry and the government flexibility as to adoption of innovation. On the other way, UK and Australia begun with bottom-up diffusion dynamic due to level of control by the government on innovation adoption. The UK subsequently changed as the mandate came into play in 2016 to top-down dynamic. Although the dynamic is changing to middle-out as bigger firms are taking the lead. A multiple and concurrent diffusion dynamics reveals higher diffusion and adoption rate.
Despite similarity in availability of technology infrastructure, hardware and software (BIM tools) between these countries, availability of experts still differs. As such, there is variation in BIM experts' availability within these countries. Similarly, developing teaching in BIM is one of the keys to its acceptance, thus USA takes that advantage, as such built-up the man power against experts' shortfall and possible resistance. Architects are in the forefront of BIM adoption and even training across countries. Government involvement is playing a key role in BIM adoption, and most importantly enacting a policy (mandate) on its usage. Despite BIM development in Australia, the adoption is still not as wide as USA and the UK hence, mandate may play role to wider BIM adoption and acceptability. Mandating BIM can go a long way to integrating country's construction market to the rest of the world in market and technology.
It's recommended that, the new adopter countries acquire appreciable technology infrastructure, hardware and software availability to drive the adoption effectively. Mandating BIM to particular level speed up adoption and alleviate education and training challenges. A multiple and concurrent diffusion dynamics is also recommended especially at early stage.
